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Monoclinic, P2 1 /n 
a = 13.0859 (17) A 
b = 11.8258 (16) A 
c = 27.504 (4) A 
P = 98.930 (2)° 
V = 4204.7 (10) A 3 

Data collection 

Bruker APEX CCD diffractometer 
Absorption correction: multi-scan 
(SADABS; Bruker, 2000) 
T min = 0.883, r milx = 0.948 

Refinement 

R[F 2 > 2a(F 2 )} = 0.062 

wR(F 2 ) = 0.154 

S = 1.02 

9592 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
fi = 0.18 mm~' 
T = 183 K 

0.50 x 0.30 x 0.30 mm 



47616 measured reflections 
9592 independent reflections 
5621 reflections with / > 2tr(/) 
R<„. = 0.090 



472 parameters 

H-atom parameters constrained 
Ap max = 0.50 e A~ 3 
A/> mi „ = -0.30 e A~ 3 



D-H-A 


D-H 


H- ■ A 


D-A 


D-H-A 


C11-H33-01' 


0.98 


2.52 


3.454 (4) 


158 


Symmetry code: (i) —a 


+ 1, -y + 1, -z. 









In the tetrahydrofuran solvate of the title salt, 
C 12 H 3 Jn1 6 P3 + C 2 4H 20 B C 4 H 8 0, the cation features short P— 
P bond lengths [2.1111 (11) and 2.1364 (10) A] and a distinctly 
bent P— P— P angle [104.67 (4)°] that confirm that the 
molecule is not allene-like. In the crystal, the solvent molecule 
is linked to the cation via a weak C— H- ■ O hydrogen bond. 

Related literature 

For the preparation of [P(P[NMe 3 ]) 2 ][BPh 4 ], see: Schmidpeter 
& Lochschmidt (1986). For reviews of triphosphenium and 
related low-oxidation-state group 15 molecules, see: Ellis & 
Macdonald (2007); Coffer & Dillon (2013). For the use of 
[P(P[NMe 3 ]) 2 ] + salts as a source of P + , see: Schmidpeter et al. 
(1983); Driess et al. (1999); Schmidpeter (1999). For the 
structure of the only related acyclic triphosphenium salt 
[P(PPh 3 ) 2 ][AlCl 4 ], see: Ellis & Macdonald (2006). For a 
related structure, see: Appel et al. (1983). For a description of 
the Cambridge Structural Database (CSD), see: Allen (2002). 
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Experimental 

Crystal data 

Ci2H 36 N 6 P 3 + C 2 4H 2 oB C 4 H s O 



Ph- 



Ph 

le 

-B — Ph 



Ph 



M, = 748.69 



Data collection: SMART (Bruker, 1997); cell refinement: SAINT 
(Bruker, 1997); data reduction: SAINT; program(s) used to solve 
structure: SHELXS2012 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL2012 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: WinGX (Farrugia, 2012) and PLATON (Spek, 2009). 

The funding that has enabled this work has been provided 
by the Natural Sciences and Engineering Research Council 
(Canada), the Canada Foundation for Innovation, and the 
Ontario Ministry of Research and Innovation. 

Supporting information for this paper is available from the IUCr 
electronic archives (Reference: LH5704). 
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1 ,1 ,1 -Tris(dimethylamino)-2-[tris(dimethylamino)phosphoranyl- 
idene]diphosphinium tetraphenylborate tetrahydrofuran monosolvate 

Bobby D. Ellis, Erica V. Morasset and Charles L. B. Macdonald 

1 . Comment 

The triphosphenium salt [P(P[NMe 3 ]) 2 ][BPh4], which was first reported by Schmidpeter & Lochschmidt (1986), has been 
used as a reagent and a source of "P + " for decades but no structure of any salt containing the cation has ever been 
reported. As part of our ongoing investigations of low valent group 15 compounds, we were able to obtain crystals of the 
tetrahydrofuran solvate of the salt (1) from the slow evaporation of a THF solution of the salt. 

The molecular structure of (1) is shown in Fig. 1. The P-P distances in the cation in (1) of 2.1111 (11) A and 
2. 1364 (10) A are significantly shorter than typical P-P single bonds ca 2.24 (2) A that have been reported in the 
Cambridge Structural Database (as determined from the 14 examples of diorganodiphosphines that are found in CSD 
Version 5.35) (Allen, 2002) but are consistent with those reported for salts of other triphosphenium cations (Ellis & 
Macdonald, 2007). More importantly, the P-P-P angle of 104.67 (4)° clearly indicates that the geometry about the 
dicoordinate phosphorus atom in (1) is best-described as being bent and thus resembles that of the only other structurally 
characterized triphosphenium (Ellis & Macdonald, 2006). The bent geometry in (1) is in stark contrast to the perfectly 
linear allene-like P-C-P arangement in the analogous carbodiphosphorane C(P[NMe 3 ]) 2 (Appel et al, 1983). 

The metrical parameters of the tetraphenylborate anion and the THF solvent of crystallization are unexceptional and 
there are no unusually short cation-anion contacts. Details of a weak hydrogen bond between the cation and the THF 
oxygen atom (1) is listed in Table 1 . 

2. Experimental 

The salt (1) was synthesized using the method described by Schmidpeter and Lochschmidt (1986). Suitable crystals were 
obtained by the slow evaporation of a tetrahydrofuran solution of the salt in a nitrogen-filled glove box. The crystal used 
for data collection was coated in mineral oil, mounted and placed in the cold stream on the diffractometer. 

3. Refinement 

All non-H atoms were refined anisotropically and H atoms were initially located in the difference Fourier maps. The H 
atoms were subsequently modeled as riding atoms with a C-H distance of 0.98 A and U(H) of 1.5 times that of the 
carbon atom to which they are attached for each methyl hydrogen atom; each rigid methyl group was allowed to rotate in 
order to maximize the sum of electron density at the calculated H atom positions. The H atoms on the phenyl groups were 
modeled with a C-H distance of 0.95 A and U(H) of 1.2 times that of the carbon atom to which they are attached and 
each methylene hydrogen atom was modeled with a C-H distance of 0.99 A and U(H) of 1.2 times that of the carbon 
atom to which they are attached. 
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Figure 1 

Displacement ellipsoid plot (40% probability surface) of the contents of the asymmetric unit of [P(P[NMe3])2] 
[BPhJTHF (1). 



1,1,1 -Tris(dimethylamino)-2-[tris(dimethylamino)phosphoranylidene]diphosphinium tetraphenylborate 
tetrahydrofuran monosolvate 



Crystal data 

Ci2H36N6P3 + 'C24H2oB ^HgO 

M r = 748.69 
Monoclinic, P2i/n 
a= 13.0859 (17) A 
6 = 11.8258 (16) A 
c = 27.504 (4) A 
P = 98.930 (2)° 
V= 4204.7 (10) A 3 
Z = 4 

Data collection 

Bruker APEX CCD 

diffractometer 
f and a> scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2000) 
T mm = 0.883, r max = 0.948 
47616 measured reflections 

Refinement 

Refinement on F 1 

Least-squares matrix: full 

RIF 2 > laiF 2 )] = 0.062 

wR(F*) = 0.154 

S = 1.02 

9592 reflections 



F(000) = 1616 

D x = 1.183 MguT 3 

Mo ATa radiation, 1 = 0.71073 A 

Cell parameters from 3924 reflections 

6 = 2.4-22.8° 

/ a = 0.18mm H 

r= 183 K 

Block, colourless 

0.50 x 0.30 x 0.30 mm 



9592 independent reflections 
5621 reflections with/> 2a(I) 
R mt = 0.090 

'•'max 

= 27.5°, 6 

min ^ • -J 



h = -16— >16 
&=-15->15 
/= -34->35 



472 parameters 
0 restraints 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
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w = l/CoW) + (0.0576P) 2 + 2.6057P] A/w = 0.50 e A~ 3 

where P = (F a 2 + 2F 2 )/3 Ap mm = -0.30 e A" 3 

(A/ff) max < 0.001 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.3102 (3) 


A AO O /I A / 1 1 \ 

-0.08840 (11) 


A A/I1A ZO\ 

0.0419 (8) 




H31 


0.1839 




0.3605 


-0.0876 


A A/" O sk 

0.063* 




T TO 1 

H32 


A 1 1 AO 

0.2203 




A 1 O 1 O 

0.2313 


A AO O 1 

-0.0881 


A A/"0 sk 

0.063* 




TJ O O 

H33 


a no 1 
0.2 /31 




A 0 O A C 

0.3243 


A 1 1 O A 
— U.1184 


A AjCO * 

0.063* 




n i 
ciz 


A OTCA /"2\ 

0.3 fjy (3 ) 




A A O AO ZO\ 

0.4398 (3 ) 


A A/1 "70 1 ^1 OA 

— U.U4 lli yil) 


A A/1 OT /A\ 
0.045 / (VJ 




T TO /I 

H34 


A ^ 1 CI 

0.4152 




A A 1 O C 

0.4385 


-0.0747 


A ATO sk 

0.073* 




H35 


0.4233 




0.4517 


-0.0164 


A ATO sk 

0.073* 




H36 


A O 1 CO 

0.3253 




A CA1 C 
0.5015 


A ACTA 

—0.0520 


A ATO * 

0.0/3* 




Ol 


A CAOO 

0.5933 (2) 




A £. 1 O £ /1\ 

0.6186 (2) 


0.17083 (10) 


A AjCTT ZO\ 

0.0677 (8) 




/in 

C13 


a mi /o\ 

0.5372 (3) 




A "71 1 A / A \ 

0.1229 (4) 


A 1 /"O AC / 1 /"\ 

0.16305 (16) 


A A/"0 A / 1 1\ 

0.0684 (12) 




TT/11 

H43 


A yl "7 AO 

0.4708 




A T 1 TO 

0.7173 


A 11CA 

0.1759 


A AOI sk 

0.082* 




H44 


a fin 

0.5223 




A T A C\£L 

0.7406 


a 1 nc 

0.1275 


A AOI sk 

0.082* 




C14 


A /TA1A //I \ 

0.6020 (4) 




A O 1 (\C / A\ 

0.8106 (4) 


A 10A1C / 1 ^\ 

0.18915 (16) 


A AT 1 £ /I 1\ 

0.0716 (13) 




TJ A 1 

H41 


a ccm 




A o/:of 
U.8653 


A OAO£ 

U.z(Jz6 


A AO£* 




H42 


0.6447 




A O A OA 

0.8480 


0.1671 


A AO f sk 

0.086* 






A f,f,QT. (£\ 
U.DDo J \H ) 




fl 7486 (d\ 
U. /4oD \H ) 


A 99Q6Q fl e\ 


v.Vty DO [ i 1 ) 




H39 


0.7408 




0.7751 


0.2331 


0.115* 




H40 


0.6428 




0.7602 


0.2614 


0.115* 




C16 


0.6611 (5) 




0.6294 (5) 


0.21556(16) 


0.1004(18) 




H37 


0.7304 




0.6003 


0.2118 


0.120* 




H38 


0.6350 




0.5846 


0.2415 


0.120* 




Atomic displacement parameters (A 2 ) 






U 22 


U 33 


U 12 


U 13 


U 23 


C17 


0.0274 (14) 


0.0208(14) 0.0296(15) 


-0.0011 (12) 


0.0042 (12) 


-0.0038 (12) 


C18 


0.0311 (16) 


0.0343 (17) 0.0304 (16) 


0.0027 (13) 


0.0057 (13) 


0.0047 (13) 


C19 


0.0371 (18) 


0.047 (2) 


0.0429 (19) 


0.0020 (15) 


0.0165(15) 


-0.0004 (16) 


C20 


0.056 (2) 


0.0383 (19) 0.0333 (17) 


-0.0005 (17) 


0.0174(15) 


-0.0030 (15) 


C21 


0.054 (2) 


0.043 (2) 


0.0294(17) 


0.0019(17) 


0.0034 (15) 


-0.0026 (15) 


C22 


0.0306 (16) 


0.045 (2) 


0.0348 (17) 


0.0036 (14) 


0.0016(13) 


-0.0043 (15) 


C23 


0.0217(15) 


0.0258 (15) 0.0237 (15) 


-0.0015 (11) 


0.0000 (12) 


-0.0032 (12) 


C24 


0.0249 (15) 


0.0305 (16) 0.0327 (17) 


-0.0010(13) 


0.0051 (13) 


0.0019(13) 


C25 


0.0353 (18) 


0.0225 (16) 0.0408 (18) 


-0.0025 (13) 


0.0039(15) 


0.0022 (13) 


C26 


0.0319(18) 


0.0280(17) 0.046(2) 


0.0079 (13) 


0.0021 (15) 


-0.0061 (14) 


C27 


0.0281 (16) 


0.0364(18) 0.0397 (18) 


0.0014(14) 


0.0094 (14) 


-0.0062(15) 


C28 


0.0271 (15) 


0.0246(15) 0.0304(16) 


-0.0012 (12) 


0.0046 (13) 


-0.0013 (12) 


C29 


0.0183 (14) 


0.0241 (15) 0.0418(18) 


0.0019(12) 


0.0022 (13) 


0.0005 (13) 


C30 


0.0301 (17) 


0.0299 (17) 0.0438 (19) 


-0.0019(13) 


-0.0002 (14) 


0.0079 (14) 


C31 


0.0295 (18) 


0.042 (2) 


0.065 (2) 


-0.0014(15) 


0.0074(17) 


0.0213 (18) 


C32 


0.0296 (19) 


0.0273 (18) 0.099 (3) 


-0.0066(15) 


-0.002 (2) 


0.012 (2) 


C33 


0.0339 (19) 


0.0267 (17) 0.082 (3) 


-0.0027 (15) 


0.0006 (19) 


-0.0161 (18) 
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C34 


A /1 /A 

O.Ozol (lo) 


A AOOO /1 OA 

o.ozyz (i /) 


A AC 1 /OA 

O.UjI (z) 


A AAAO /1 OA 

O.OOOz (13) 


A AA/1 O /1 CA 

0.0043 (15) 


A AAO/1 /1 CA 

—0.0004 (15) 


C35 


A A1A/1 / 1 1 A 

0.0z04 (13) 


A AO /I O / 1 A A 

0.0243 (14) 


A AO C A / 1 /I A 

O.Ozoy (14) 


A AAAO /1 OA 

—O.OOOz (Iz) 


A AAO/T /1 1 A 

O.OOoo (11) 


A AAAO /1 OA 

O.OOOz (lz) 


C3o 


a AOO 1 /i /a 

o.ozyi (lo) 


A ao c/ /1 /A 

0.0z5o (lo) 


A A1 /;a ( \ OA 
0.03o0 (1 /) 


A AAAO /1 OA 

O.OOOz (13 ) 


A A A 1 O /1 A A 

0.001 / (14) 


A AA1 O /1 OA 

—0.001 / (13) 


C3 / 


a /i o /1 oa 
0.0343 (lo) 


A Aim /1 OA 

0.030 / (1 /) 


A C\"ICA /1 OA 

0.U364 (lo) 


A AA/1 C /1 A A 

—0.0045 (14) 


A AAAO /1 A\ 

O.OOOo (14) 


A AAOA /1 /lA 
— O.OOOy (14) 


CJo 


a nnn /i ca 

o.oz /y (15) 


A A/1 AO / 1 OA 

0.0400 (lo) 


A AO OO / 1 C A 

O.Uzo / (1 j) 


A AAA/: /1 /I A 

— O.OOOo (14) 


A AA 1 O / 1 O A 

—0.0013 (Iz) 


A AAAO / 1 A A 

O.OOOz (14) 




A AOOO /1 /A 

O.OZO / (lo) 


a ai n / 1 oa 
0.033z (1 /) 


A AOAA /1 OA 

0.0300 (1 /) 


A A AO O / 1 1 A 

0.0033 (13) 


A AAO A / 1 O A 

0.00z4 (13) 


A AA A A / 1 O A 

0.0044 (13) 


C4U 


A AO/ 1 /1 CA 

O.Ozol (15) 


A AOOO /1 CA 

{J.UZjZ (15) 


A A11A (\ /;a 
0.0330 (lo) 


A AA 10 /1 OA 

— O.OOlo (Iz) 


A AAOC /1 OA 

0.00 Id (13) 


A AAOA /1 OA 

—0.0030 (lz) 


D 1 


A AOO/I /1 CA 

0.0ZZ4 (15) 


A AO n /1 /A 

O.Ozl / (lo) 


O.OZOO (lo) 


A AAAO /1 OA 
— O.OOOy (13) 


A AAOA /1 OA 

0.0030 (13) 


A AA 1 C /1 A\ 

—0.0015 (14) 


D1 

r 1 


a aoo< (a a 
0.0ZZ5 (4) 


A A/l A A /CA 

0.0440 (5 ) 


A ATI/1 (A A 

0.0Z34 (4) 


A AA/1 C /I A 

— 0.004J (3 ) 


A AA/1 O /O A 

0.004y (3 ) 


A AAAC /OA 

—0.0005 (3) 


rz 


a ao in (a A 
0.0z3 / (4) 


a ao/o //i a 
O.Ozoz (4) 


A AO/1 1 ( A\ 

0.0Z43 (4) 


A AA 1 £. /OA 

—O.OOlo (3) 


A AAOO /OA 

0.003o (3) 


A AAAO /OA 

0.000 / (3) 


IJ 


A AOOO //IA 

O.Ozz / (4) 


A AO A A / A \ 

0.0z40 (4) 


A AO/IO ( A\ 

0.0z4y (4) 


A A A 1 1 /OA 

—0.0011 (3) 


A AAOO /OA 

O.OOz / (3) 


A AA 1 C /OA 

—0.0015 (3 ) 


XT1 

JN 1 


A AOOO /1 OA 

O.Ozo / (1 3) 


A AT OO /1 /A 

V.vjyy (lo) 


A A1 11 /1 /I A 

0.0311 (14) 


A AAO /I /1 OA 

0.0034 (Iz) 


A AAAO /1 1 A 

0.0003 (11) 


A AAO 1 /1 OA 

0.0031 (lz) 


XTO 

JNz 


a ao rn /i f\ 

0.035 1 (15) 


A AO OO (W A\ 

{j.kjZqZ (14) 


A (\1 A1 ( \ A A 

0.0343 (14) 


A AA/^O /1 1 A 

—0.0053 (11) 


A AA/1 C /1 OA 

0.0045 (Iz) 


A AA/O / 1 1 A 

0.00O3 (11) 


XT'} 

JNj 


A A/1 1 C / 1 CA 

0.0415 (15) 


A A1 A 1 / 1 /I \ 

U.0341 (14) 


A AO C A / 1 /I A 

O.Ozoy (14) 


A AAOO /1 OA 

O.OOzz (Iz) 


A AA// /I OA 

O.OOoo (Iz) 


A AA1 A /1 1 A 

— o.oo3y (ii) 


XT A 

N4 


A A1 K /I A\ 

0.0315 (14) 


A AT^C /1 /1\ 

0.(Jzo3 (14) 


A A/IOC / 1 /CA 

0.04zo (lo) 


A A A 1 jC / 1 1 A 

—O.OOlo (11) 


A AACA /1 OA 

—0.0050 (Iz) 


A AA/A / 1 1 A 

— O.OOoO (11) 


XTC 


A AO/A /1 OA 

O.Ozoy (13) 


A A1 C /I / 1 /I \ 

U.U3d4 (14) 


A A1 1/1 / 1 /I A 

0.0334 (14) 


A AA/1 A / 1 1 A 

0.0040 (11) 


A AAOO /1 1 A 

O.OOoz (11) 


A AA/1 1 / 1 1 A 

0.0041 (11) 


XT£ 

No 


A A1AO / 1 A\ 

0.0300 (14) 


A A1 CI /I /I \ 

U.U3j1 (14) 


A AO 1 £ /1 1 A 

O.Ozlo (13) 


A AAO 1 /1 1 A 

— O.OOzl (11) 


A A A 10/1 AA 
0.0013 (10) 


A AAA/ /1 AA 

O.OOOo (10) 


CI 


A f\1 OO /1 OA 

0.033z (iy) 


A A71 
0.0 / / (3) 


A A/IO /OA 

0.04z (z) 


AA101 /10A 

— O.Olol (lo) 


A AAOA /1 /^A 
— 0.003y (lO) 


A AAOO /1 AA 

o.ooyz (iy) 


Cz 


A AC 1 /OA 

(J. DM (z) 


A AjC 1 /O A 

O.Ool (3) 


A 1 A 1 //I A 

0.101 (4) 


A AO 1 /OA 

O.Ozl (z) 


A AO/T /OA 

— O.Ozo (z) 


A AOC /OA 

— 0.0z5 (z) 


CJ 


A ACT /OA 

0.053 (z) 


A AO/££ / 1 0\ 

O.Ozoo (lo) 


A ACA /OA 

0.030 (z) 


A AAOO /1 £A 

—0.003 / (lo) 


A AA// /1 OA 

—O.OOoo (lo) 


A AA 1/1 /1 /A 

0.0014 (lo) 


C4 


a a/A /OA 
O.OoO (Z) 


a a/;a /'o^ 
O.OoO (z) 


A A/IO /OA 

0.04z (z) 


A AO/1 /OA 

— 0.0z4 (z) 


AAI/IO /10A 

0.014Z (lo) 


A AAOO /1 OA 

o.ooyy (io) 


CD 


A A/^/; /OA 

O.Ooo (3) 


A AC A ZO\ 

0.0^4 (z) 


A A1 O A /1 OA 

o.o3zo (iy) 


A AAO 1 /1 OA 

—o.oozi (iy) 


A A 1 OO /1 OA 

O.Olz / (lo) 


A AAO/1 /1 /A 

— o.ooy4 (io) 


Co 


A AO /Ti 
0.053 (Z) 


A A1 C C / 1 A\ 

0.03:0 (ly) 


A ACO /OA 

0.0j / (z) 


A A 1 A O / 1 OA 
0.014Z (1 /) 


A AA A O / 1 OA 

—0.004 / (lo) 


A A 1 CO / 1 OA 
— 0.015Z (1 /) 


C / 


A A/0 /OA 

(J.Uoo (3) 


A A1 O /'OA 

0.03o (z) 


A AC/; /OA 

O.Ojo (z) 


A A 1 O £ /1 OA 

0.013O (lo) 


A AAO /OA 

—0.00/ (Z) 


A AOAO /1 OA 

— O.OzOz (lo) 


Co 


A ACQ /OA 

0.055 (z) 


A Al^ /OA 

0.03 J (Z) 


A AT^ /OA 
0.0 / J (3 ) 


A A1 /1 7A 

0.0100 (1 /) 


A A1 Q /OA 

o.o iy (z ) 


A A A 1 O /1 QA 

O.OOIZ (lo) 


cy 


A A/1 1 /OA 

0.041 (z) 


A AC 1 ZO\ 

U.UM (z) 


A A/l A /OA 

0.040 (z) 


A A1 Q£ /1 £A 

O.Oloo (16) 


A AA/TA / 1 /A 

0.0060 (lo) 


A AAO 1 / 1 /A 

—O.OOzl (lo) 


pin 

C1U 


A AOOC /1 OA 

0.0zo5 (1 /) 


A r\n A /OA 

0.0/4 (3) 


A A A O /OA 

0.04o (z) 


A AAAO /1 OA 

O.OOOo (1 /) 


A A 1 A O / 1 CA 

0.014o (15) 


A A 1 / A / 1 AA 

o.oio4 (iy) 


pi 1 

Cll 


A A1 A /I / 1 A A 

0.03y4 (iy) 


A ACO /OA 

O.Ojo (z) 


A AO^O /1 OA 

O.Ozoz (1 /) 


A AAAO / 1 OA 

—O.OOOo (1 /) 


A A AAA / 1 A A 

-o.oooy (14) 


A AA 1 O / 1 CA 

0.0013 (15) 


n ? 

ciz, 




u.UJ 1 ^Z, J 






0 0096 n 7^ 




01 


0.083 (2) 


0.0602 (19) 


0.0594 (18) 


-0.0155 (16) 


0.0089 (16) 


-0.0013 (14) 


C13 


0.047 (2) 


0.094 (4) 


0.065 (3) 


0.005 (2) 


0.007 (2) 


-0.004 (3) 


C14 


0.097 (3) 


0.054 (3) 


0.063 (3) 


0.013 (2) 


0.011 (3) 


-0.010 (2) 


C15 


0.115 (4) 


0.096 (4) 


0.064 (3) 


-0.019(3) 


-0.026 (3) 


-0.013 (3) 


C16 


0.154 (5) 


0.090 (4) 


0.047 (3) 


0.002 (4) 


-0.016 (3) 


0.015 (3) 



Geometric parameters (A, °) 



C17— C18 


1.388 (4) 


N2— C4 


1.471 (4) 


CI 7— C22 


1.405 (4) 


N3— C6 


1.453 (4) 


C17— Bl 


1.646 (4) 


N3— C5 


1.472 (4) 


C18— C19 


1.397 (4) 


N4— C7 


1.461 (4) 


C18— H49 


0.9500 


N4— C8 


1.474 (4) 


CI 9— C20 


1.370 (4) 


N5— CIO 


1.459(4) 


CI 9— H48 


0.9500 


N5— C9 


1.464 (4) 


C20— C21 


1.375 (5) 


N6— C12 


1.470 (4) 


C20— H47 


0.9500 


N6— Cll 


1.471 (4) 


C21— C22 


1.390 (4) 


CI— HI 


0.9800 


C21— H46 


0.9500 


CI— H2 


0.9800 


C22— H45 


0.9500 


CI— H3 


0.9800 


C23— C28 


1.394 (4) 


C2— H4 


0.9800 
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C23 — C24 


1.41)6 (4) 


p TTf 

C2 — H5 


A A OA A 

0.9800 


C23 — Bl 


1.650 (4) 


C2 — H6 


A AO A A 

0.9800 


C24 — C25 


1 10f 

1.385 (4) 


P '-y T T ~7 

C3 — H7 


A A O AA 

0.9800 


S "~) A TTf -I 

C24 — H54 


A flf AA 

0.9500 


f ' O T TO 

C3 — H8 


A AO A A 

0.9800 


PTC C ' ^ / 

C25 — C26 


1 T01 / A \ 

1.381 (4) 


TTA 

C3 — H9 


A A OA A 

0.9800 


C25 — H53 


0.9500 


C4 — H10 


A AO A A 

0.9800 


C26 — C27 


1.373 (4) 


p A T T 1 1 

C4 — H 1 1 


A AO AA 

0.9800 


PO TTf 1 

C26 — H52 


0.9500 


C4 — H12 


A AO A A 

0.9800 


C27 — C28 


1.385 (4) 


/"< f TT1 1 

C5 — H13 


A AOAA 

0.9800 


p i~\ -7 TTf 1 

C27 — H5 1 


0.9500 


C5 — H14 


A AOAA 

0.9800 


C28 — H50 


A Af AA 

0.9500 


/"< f TT 1 f 

C5 — HI 5 


A AOAA 

0.9800 


C29 — C34 


1.392 (4) 


C6 — HI 6 


A AOAA 

0.9800 


C29 — C30 


1 -1 m / A \ 

1.402 (4) 


f /_ TT1 1 

C6 — HI 7 


A AOAA 

0.9800 


C29 — Bl 


1 f AG / A\ 

1.648 (4) 


/"• / TT1 O 

C6 — HI 8 


A AOAA 

0.9800 


C30 — C31 


1 1 A A f A \ 

1.390 (4) 


C7 — HI 9 


A AOAA 

0.9800 


a TTf n 

C30 — H59 


0.9500 


C7 — H20 


A AOAA 

0.9800 


C31 — C32 


1 nc /f\ 

1.375 (5) 


pin t T^l 1 

C7 — riZ 1 


A AOAA 

0.9800 


PTi TTf O 

C31 — H58 


a nf aa 

0.9500 


Z^ 1 O T T1 1 

C8 — H22 


A AOAA 

0.9800 


C32 — C33 


1 1 "7 A /f \ 

1.370 (5) 


/"' 0 T T^ ") 

C8 — H23 


A AOAA 

0.9800 


PT> TTfT 

C32 — H57 


A Af AA 

0.9500 


rin T TO /I 

Co — Hz4 


A AOAA 

0.9800 


/Til /~"> H 

C33 — C34 


1 1 C\ A i A \ 

1.394 (4) 


r~*(\ TTOf 

C9 — Hz 5 


A AOAA 

0.9800 


p ~> ~> TTf /" 

C33 — H56 


A Af AA 

0.9500 


C9 — H26 


A AOAA 

0.9800 


C34 — H55 


0.9500 


/"' /"» Tin 

C9 — H27 


A AOAA 

0.9800 


C35 — C36 


1 "1 C\0 i A\ 

1.398 (4) 


rii a t TO O 

C10 — Hzo 


A AOAA 

0.9800 


C35 — C40 


1 A A A //I \ 

1.400 (4) 


pi A T TO A 

C10 — Hz 9 


A AOAA 

0.9800 


C35 — Bl 


1.648 (4) 


/—1 1 /"» t TO A 

C10 — H30 


A AOAA 

0.9800 


C36 — C37 


1.391 (4) 


Cll — H31 


A AOAA 

0.9800 


C36 — H64 


A Af AA 

0.9500 


Cll — Hiz 


A AOAA 

0.9800 


C37 — C38 


1.376 (4) 


pi 1 TT') O 

Cll — H33 


A AOAA 

0.9800 


C37 — H63 


0.9500 


f-~\ \ r\ TTT /I 

C12 — H34 


A AOAA 

0.9800 


C38 — C39 


1.378 (4) 


-\ r\ TTT f 

C12 — H35 


A AOAA 

0.9800 


C38 — H62 


A A C A A 

0.9500 


pn tt") 

C12 — H36 


A AOAA 

0.9800 


C39 — C40 


1.5 a 5 (4) 


Ul — CI 6 


1 Arm 1 z\ 
1.406 (3) 


C39 — H61 


0.9500 


01 — C13 


1.435 (5) 


C40 — H60 


0.9500 


C13 — C14 


1.456 (6) 


PI — P2 


O 1111 /11\ 

2.1111 (11) 


pi 1 11 A"} 

C 1 3 — H43 


A A A A A 

0.9900 


PI — P3 


O 1 "5 /I / 1 A\ 

2.1364 (10) 


t t a a 

C 1 3 — H44 


A AAAA 

0.9900 


P2 — N3 


1.631 (2) 


C14 — C15 


1.495 (6) 


P2 — N2 


1.638 (2) 


P 1/1 TT/I 1 

Cl4 — H4l 


A AAAA 

0.9900 


P2 — Nl 


1.658 (2) 


/~" 1 A TT-)1 

C14 — H42 


A AAAA 

0.9900 


P3— N6 


1.641 (2) 


C15— C16 


1.461 (6) 


P3— N4 


1.642 (2) 


CI 5— H39 


0.9900 


Til XTf 

P3 — N5 


1.643 (2) 


1 C T T/l A 

C15 — H4U 
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123.8 (2) 
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123.6 (2) 
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/^n r> i 

C22 — C 1 7 — B 1 


121.5 (2) 
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111 O /I \ 
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1 1 O 
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118.9 (3) 
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119.9 
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119.9 
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C2 1 — Lzz — C 1 7 


122.9 (3) 
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118.5 


P 1 ^ p 11 TT/|f 

C17 — C22 — H45 


118.5 
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C2o — C23 — C24 


ii^l /1\ 

114.3 (3) 


PIO P1 1 T> 1 

C2o — C23 — B 1 


124.4 (2) 


pi a Pii r> i 

C24 — C23 — Bl 
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123.1 (3) 
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1 1 Q A 
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118.4 
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120.2 (3) 
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1 1 A A 

119.9 
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119.9 
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118.5 (3) 
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120.8 
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120.8 
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120.7 (3) 


pi / pn TTC1 

C26 — C27 — H5 1 


119.7 


p 1 O /"^n TTC 1 

Czo — C27 — H5 1 


1 1 A *7 

119.7 


pn pi o pn 

C27 — C28 — C23 


123.2 (3) 


P1-7 PI O TJC A 

Cz / — Cz5 — H50 


1 1 O /I 

1 15.4 


PII PIO TTCA 

C23 — C28 — H50 


118.4 


pi/i pin /"'ia 

C34 — C29 — G30 


115.0 (3) 
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C34 — C29 — Bl 


124.0 (3) 
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118.6 
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118.6 
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1 1 A A /") \ 

119.9 (3) 
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C32 — C3 1 — H58 
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120.0 


p 1 A PI 1 TTCO 

C30 — C31 — H58 


1 1A A 

120.0 


C33 — C32— C3l 


119.6 (3) 


C33— C32— H57 


120.2 


C3l— C32— H57 


120.2 


C32— C33— C34 


119.9(3) 


C32— C33— H56 


120.1 


C34— C33— H56 


120.1 



/"ir\ XTC T*1 

09 — N5 — P3 


111 A /1\ 

122.0 (2) 


p i i XT/" P 1 1 

C12 — N6 — Cll 


113.4 (2) 


pii xt/" r»i 

C12 — N6 — P3 


11/1 /~ /1\ 

124.6 (2) 


pi i \t/- m 

Cll — N6 — P3 


1 1 A 1 /1\ 

119.1 (2) 


Nl — CI — HI 


109.5 


XT 1 /" < 1 t T1 

Nl — CI — H2 


109.5 


TT 1 p 1 TT1 

HI — CI — H2 


1 AA C 

109.5 


XT 1 /" < 1 t T1 

Nl — CI — H3 


109.5 


TT 1 p 1 TT') 

HI — CI — H3 


1 AA C 

109.5 


T T1 1 T T1 

H2 — CI — H3 


109.5 


XT 1 PI t T A 

Nl — C2 — H4 


1 AA C 

109.5 


XT 1 /" 1 TTC 

Nl — C2 — H5 


109.5 


TJA /"" 1 TTC 

H4 — C2 — H5 


1 AA C 

109.5 


XT 1 PI TT/' 

N 1 — C2 — H6 


1 AA C 

109.5 


T T A f " 1 T T/" 

H4 — C2 — H6 


109.5 


TTC /" " 1 TT/" 

H5 — C2 — H6 


109.5 


N2 — C3 — H7 


1 AA C 

109.5 


XT1 p 1 t TO 

N2 — C3 — H8 


1 AA C 

109.5 


TTH /~1 "> TTO 

H7 — C3 — H8 


109.5 


XT1 p 1 TTA 

N2 — C3 — H9 


109.5 


T T "7 p ") TTA 

H7 — C3 — H9 
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109.5 


TTO p -) TTA 

H8 — C3 — H9 
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109.5 


X /"l ,1 T T 1 A 

N2 — C4 — HIO 


109.5 


XTO p /I T T 1 1 

N2 — C4 — Hll 


1 AA C 

109.5 


TT1A p /I TT11 

H10 — C4 — Hll 


1 AA C 

109.5 


N2 — C4 — H12 


109.5 


T T 1 A f ' A T T 1 1 

H10 — C4 — H12 


109.5 


TT11 p A TT1 1 

H 1 1 — C4 — H 1 2 


1 AA C 

109.5 


XT'? p C TT1 -) 

N3 — C5 — H13 


1 AA C 

109.5 


XT1 Z' * C TT1 /I 

N3 — C5 — H14 


109.5 


TT1 1 C TT1 /I 

H13 — C5 — H14 


109.5 


XT1 f * C TT1C 

N3 — C5 — HI 5 


1 AA C 

109.5 


TT1 1 PC TT1C 

H 1 3 — C5 — H 1 5 


1 AA C 

109.5 


TT1 A l~ ^ C TT1 C 

H14 — C5 — HI 5 


109.5 


XT1 / TT1 r 

N3 — C6 — HI 6 


109.5 


XT1 / TT1 T 

N3 — C6 — H17 


1 AA C 

109.5 


TT1 £L f ' t- TT1 1 

HI 6 — Co — H17 


1 AA C 

109.5 


XT1 l~ A / TT1 O 

N3 — C6 — HI 8 


109.5 


TT1 f /""• / TT1 O 

HI 6 — C6 — HI 8 


109.5 


TTI a p / TTIO 

HI 7 — C6 — HI 8 


1 AA C 

109.5 


XT/1 P r 1 TT 1 A 

N4 — C7 — HI 9 


1 AA C 

109.5 


\t /| PT TT1A 

N4 — C7 — H20 


109.5 


TT1 A p ^7 TTI A 

H19 — C7 — H20 


1 AA C 

109.5 


N4 — C7— H21 


109.5 


HI 9— C7— H21 


109.5 


H20— C7— H21 


109.5 


N4— C8— H22 


109.5 


N4— C8— H23 


109.5 


H22— C8— H23 


109.5 
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C7— N4— C8 112.3(3) 

C7— N4— P3 119.2(2) 

C8— N4— P3 124.7 (2) 

C22— C17— C18— C19 "1-5(4) 

Bl— C17— C18— C19 177.8(3) 

C17— C18— C19— C20 1.0(5) 

C18— C19— C20— C21 -0.2(5) 

CI 9— C20— C21— C22 0.0 (5) 

C20— C21— C22— C17 -0.6 (5) 

C18— C17— C22— C21 1.3 (4) 

Bl— C17— C22— C21 -178.1 (3) 

C28— C23— C24— C25 1.9(4) 

Bl— C23— C24— C25 -174.6 (3) 

C23— C24— C25— C26 "1-7(5) 

C24— C25— C26— C27 0.4 (5) 

C25— C26— C27— C28 0.5 (5) 

C26— C27— C28— C23 -0.2 (5) 

C24— C23— C28— C27 -1.0(4) 

Bl— C23— C28— C27 175.4 (3) 

C34— C29— C30— C31 "1-7(4) 

Bl— C29— C30— C31 178.7(3) 

C29— C30— C3 1— C32 1 .6 (5) 

C30— C31— C32— C33 -0.1 (5) 

C31— C32— C33— C34 "1-2(5) 

C30— C29— C34— C33 0.2 (4) 

Bl— C29— C34— C33 179.8 (3) 

C32— C33— C34— C29 1.2(5) 

C40— C35— C36— C37 0.4 (4) 

Bl— C35— C36— C37 -176.2 (3) 

C35— C36— C37— C38 -0.3 (5) 

C36— C37— C38— C39 0.3 (4) 

C37— C38— C39— C40 -0.4 (4) 

C38— C39— C40— C35 0.5 (4) 

C36— C35— C40— C39 -0.5 (4) 

Bl— C35— C40— C39 176.1 (3) 

C18— C17— Bl— C29 -104.7(3) 

C22— C17— Bl— C29 74.7(3) 

C18— C17— Bl— C35 14.4(4) 

C22— C17— Bl— C35 -166.2 (3) 

C18— C17— Bl— C23 134.1 (3) 

C22— CI 7— Bl— C23 -46.5 (3) 

C34— C29— Bl— C17 -11.2(4) 

C30— C29— Bl— C17 168.4(2) 

C34— C29— Bl— C35 -130.4(3) 

C30— C29— Bl— C35 49.2 (3) 

C34— C29— Bl— C23 109.6 (3) 

C30— C29— Bl— C23 -70.9(3) 

C36— C35— Bl— C17 90.9 (3) 



01— C16— H38 109.9 

C15— C16— H38 109.9 

H37— C16— H38 108.3 

C40— C35— Bl— C23 154.8 (2) 

C28— C23— Bl— C17 148.3 (3) 

C24— C23— Bl— C17 -35.6 (3) 

C28— C23— Bl— C29 27.4(4) 

C24— C23— Bl— C29 -156.4 (3) 

C28— C23— Bl— C35 -92.3 (3) 

C24— C23— Bl— C35 83.8 (3) 

N3— P2— Nl— C2 148.8 (3) 

N2— P2— Nl— C2 33.0 (3) 

PI— P2— Nl— C2 -90.5 (3) 

N3— P2— Nl— CI -60.6 (3) 

N2— P2— Nl— CI -176.4(2) 

PI— P2— Nl— CI 60.0 (2) 

N3— P2— N2— C3 170.1 (2) 

Nl— P2— N2— C3 -79.5 (3) 

PI— P2— N2— C3 38.3 (3) 

N3— P2— N2— C4 -22.2 (3) 

Nl— P2— N2— C4 88.3 (3) 

PI— P2— N2— C4 -154.0(2) 

N2— P2— N3— C6 -109.8 (3) 

Nl— P2— N3— C6 135.2 (3) 

PI— P2— N3— C6 21.8(3) 

N2— P2— N3— C5 75.9 (3) 

Nl— P2— N3— C5 -39.1(3) 

PI— P2— N3— C5 -152.5 (2) 

N6— P3— N4— C7 70.3 (3) 

N5— P3— N4— C7 -174.5 (2) 

PI— P3— N4— C7 -42.0(3) 

N6— P3— N4— C8 -85.9 (3) 

N5— P3— N4— C8 29.3 (3) 

PI— P3— N4— C8 161.8(2) 

N6— P3— N5— CIO 168.4 (2) 

N4— P3— N5— CIO 52.7(3) 

PI— P3— N5— CIO -73.3 (3) 

N6— P3— N5— C9 -21.8(3) 

N4— P3— N5— C9 -137.5 (2) 

PI— P3— N5— C9 96.5 (2) 

N4— P3— N6— C12 -160.7 (2) 

N5— P3— N6— C12 87.5 (3) 

PI— P3— N6— C12 -42.6 (3) 

N4— P3— N6— Cll 40.3 (3) 

N5— P3— N6— Cll -71.6(2) 

PI— P3— N6— Cll 158.4(2) 

C16— 01— C13— C14 26.1 (5) 

Ol— C13— C14— C15 -26.5 (5) 
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C40— C35— Bl— C17 
C36— C35— Bl— C29 
C40— C35— Bl— C29 
C36— C35— Bl— C23 



-85.4 (3) 
-149.5 (3) 
34.2 (3) 
-28.8 (3) 



C13— C14— C15— C16 
C13— 01— C16— C15 
C14— CI 5— CI 6— 01 



17.1 (6) 
-14.8 (6) 
-1.7 (6) 



Hydrogen-bond geometry (A, °) 



D—R-A 


D — H 


H-A 


D-A 


D— H-A 


Cll— H33-01' 


0.98 


2.52 


3.454 (4) 


158 



Symmetry code: (i) -x+\, -y+\, -z. 
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